We describe the evolution of the heliosphere from solar minimum to solar maximum from a solar wind perspective. With the current eet of spacecraft progress can be made in separating radial distance, heliolatitude, and solar cycle e ects. The solar wind speed decreases with distance, but the changes from solar minimum to solar maximum produce a larger e ect. The latitudinal gradients of density and speed reverse over the solar cycle; at solar maximum speeds are higher near the solar equator whereas at solar minimum speeds are least near the equator. Variations in speed and density result in dynamic pressure changes of a factor of two over the solar cycle at all solar latitudes. The MIR (merged interaction region) frequency increases during the ascending phase of the solar cycle and e ects the cosmic ray intensities. Shock strength and particle injection at shocks both decrease with distance from the Sun.
INTRODUCTION
The transition from solar minimum to solar maximum is a restructuring of the entire heliosphere. At solar minimum, the average solar wind magnetic eld strength is low, the solar surface eld is nearly dipolar, and the tilt of the dipole relative to the spin axis is small. Coronal polar holes extend to low latitudes, so that fast solar wind is observed above 20-30 heliolatitude and slow solar wind at lower latitudes 1]. Transient events such as coronal mass ejections (CMEs) are few. The cosmic ray intensities in the heliosphere increase as the lack of magnetic structure results in little barrier to their inward di usion.
With the approach of solar maximum, the solar wind magnetic eld strengthens while the surface eld structure becomes more disorganized. The polar coronal holes retreat and may even disappear. The width of the slow speed region increases. CMEs become much more frequent 2]. Merged interaction regions (MIRs) develop with high magnetic elds which cause decreases in and eventually a general lowering of the cosmic ray intensities. This paper concentrates on changes in the solar wind from solar minimum to solar maximum see review by Gazis 3] and references therein for prior work on this subject].
Emphasis is placed on the 1996-2000 transition, although other transitions will be shown for comparison and to t the recent data into the overall pattern of solar cycle changes.
We will discuss changes in the plasma speed, density, pressure and general solar wind structure.
SOLAR WIND TIME EVOLUTION
We currently (in 2000) have a eet of spacecraft located throughout the heliosphere.
The trajectories of Voyager 2, Ulysses, and IMP 8 are shown in Figure 1 The solar wind speed varies with radial distance, heliomagnetic latitude, and solar cycle. Figure 2 compares the di erences between speeds observed by Voyager 2 and IMP 8 and the di erences in latitudes between these spacecraft. The speed di erence shown in the top panel is calculated by time-shifting the Voyager 2 data back to 1 AU using a 50-day running average of the observed speed, interpolating data to ll in gaps, and then subtracting the 100-day-running average of speed observed by Voyager 2 from that observed at IMP 8. The latitude di erences are calculated in a similar manner, except that 1-year averages are used so that Earth's excursions in heliolatitude are not apparent.
The times of solar minimum are shown by the hatched regions.
The average speed di erences are usually relatively small (< 50 km/s) and not predominately positive or negative, except during the solar minimum periods and after the 1996 solar minimum. At solar minimum, latitudinal gradients of speed are large 5{7], so the spacecraft at higher latitude observed higher speeds. In 1986, Voyager 2 was near the helioequator and saw lower speeds than IMP 8. In 1996, Voyager 2 was at higher latitudes and saw signi cantly higher speeds than those observed at IMP 8. Note that these latitude e ects are only important near solar minimum; at other times the latitudinal speed gradient is not an important contributor to the speeds observed by Voyager 2 and IMP 8.
Beginning in 1998, the speed observed by Voyager is less than that observed by IMP 8.
This speed decrease has two causes; the speed decreases with distance due to the e ect of pickup ions and with latitude, since before solar maximum speeds decrease with latitude.
We discuss each of these e ects in more detail below. cm ?3 . About 50% of these neutrals are lost before they reach the termination shock 12], so the value derived based on the slowdown is about 50% less than those based on other data. We note that the in situ results are derived from a selected set of solar wind conditions, whereas the slowing of the wind is an integral process occurring over 60 AU, which could explain the apparent discrepancy.
LATITUDINAL SPEED AND DENSITY DEPENDENCE
At solar minimum, the latitudinal speed and density gradients are large. A narrow, 10- 
SOLAR CYCLE DYNAMIC PRESSURE VARIATIONS
The solar wind parameter dynamic pressure v 2 sw , where is the mass density and v sw in the solar wind speed, varies by a factor of two over the solar cycle 14]. Figure   5 shows the dynamic pressure pro le over the last solar cycle observed by Ulysses, IMP 
SOLAR WIND STRUCTURE
In addition to changes in the values of solar wind parameters, the solar wind structure also changes over the solar cycle. Stream interaction e ects are less important at solar minimum when the tilt of the heliospheric current sheet (HCS) is small. Transient events such as CMEs also occur less often near solar minimum 2]. In the rising and declining portions of the solar cycle, corotating stream interactions (CIRs) are important, since the HCS tilt becomes large and regions of high speed coronal hole ow are present. At solar maximum, the smaller latitudinal speed gradients result in CIR e ects being less important, but CME activity is near its maximum and probably plays the dominant role in determining the solar wind structure. The triggers for the generation of these large MIRs are probably not the corotating interaction regions, since these are omnipresent, but by large CMEs or groups of CMEs.
A test of this hypothesis is to associate the MIR drivers with plasma with CME characteristics. At 1 AU, these characteristics are low temperatures, smooth eld rotations (magnetic clouds), counter streaming electrons, and enhanced helium abundances 2].
Given the large amount of evolution which occurs in the solar wind, the signature most likely to remain in the outer heliosphere is the increased helium abundance. A recent study of helium abundance enhancements, de ned as times when the helium abundance is over 10%, has identi ed remnant CMEs along Voyager 2's trajectory 20]. One drawback to this approach is that while this large a helium abundance is probably su cient to identify a CME, many CMEs do not have helium abundances which are 10% or higher.
But even with this restrictive criteria, one of the MIRs in gure 7 does show evidence of being driven by a CME. The vertical gray bar on the trailing side of the 1999 CME shows a 5-day period where helium abundance are over 10%, providing good evidence that this MIR is driven by CME ejecta. More thorough analysis which relaxes the 10% helium threshold is needed to see if this is the case for the other MIRs as well. Figure 8 shows a plot of shock strengths for forward shocks observed by Voyager 2. Forward shocks were de ned as having increasing speed, density, and temperature across the discontinuity. As Voyager 2 moves farther from the Sun, the "shocks" broaden in extent but are still included in the survey. The 
SUMMARY
We investigated changes in the solar wind with distance, heliolatitude, and solar cycle.
The speed and density gradients in latitude reverse over the solar cycle, with minimum speed at the equator at solar minimum and vice versa. We show that the slowdown of the solar wind between Ulysses and Voyager 2 is consistent with a LISM density at the termination shock of 0.05 cm ?3 . The MIR frequency increase towards solar maximum, decreasing the cosmic ray intensities; for one MIR we have clear evidence that it is driven by CMEs. The strength and importance of shocks both weaken with distance, with little particle injection in shocks at 35 AU.
